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Abstract 
Introduction: The flagellate protozoan Giardia duodenalis causes infection in humans and in various animals. Eight distinct assemblages (A-
H) have been identified within G. duodenalis; assemblages A and B are those specific to humans and animals, and assemblages C to H are 
restricted to animal hosts.  
Methodology: The present study estimated the prevalence of G. duodenalis assemblages in dogs living in the Sardinia region and evaluated 
the related risk factors. Individual fecal samples were collected from 655 dogs between January 2007 and December 2010, and a form was 
filled out for each animal to analyze historic data that were available at the time of sampling. Fecal samples were subjected to microscopic 
and genetic investigations.  
Results: Cysts of G. duodenalis were found in 172 (26.3%) samples, with significant values in puppies between three and nine months of age, 
and in kennelled and hunting dogs. The molecular characterization showed the presence of assemblages D (49%), C (36.1%), and subtype A2 
(4.2%).  
Conclusion: The present survey contributes to the knowledge of the occurrence of canine giardiosis in Italy in a region with a high number of 
dogs and numerous animal movements, which is especially relevant for touristic reasons. 
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Introduction 
Giardia duodenalis is a flagellate protozoan 
infecting the intestine of a wide range of animals (e.g., 
canids, felids, primates, rodents, ruminants, ungulates) 
and human beings [1]. The characterization of 
morphologically identical isolates of G. duodenalis 
has demonstrated the genetic heterogeneity of the 
parasite. Eight distinct assemblages (A-H) have been 
identified within G. duodenalis, with assemblages A 
and B infecting humans and animals, and assemblages 
C to H being restricted to animal hosts [2].  
Giardiosis is transmitted via the fecal-oral route 
and may be associated with gastrointestinal disorders 
both in animals and humans [3,4]. Most concern has 
been directed to the public health significance of 
giardiosis [5-7], although recent findings have 
suggested that the zoonotic transmission occurs more 
rarely than was previously believed [8].  
Infection with G. duodenalis has been described in 
both household and kennelled dogs worldwide, with 
varying prevalence rates from 5% in privately owned 
dogs to up to 100% in kennelled animals [9-13]. In 
Italy, infection rates of kennelled and private dogs 
have been found to be 14%-74% and 4%-19%, 
respectively [14-20]. Also, molecular studies have 
reported that dogs from Italy may harbor the canine-
specific assemblages C and D, the zoonotic 
assemblage A, and also mixed infections with more 
than one assemblage [15]. 
About 350,000 dogs live in Sardinia, an island in 
the middle of the Mediterranean Sea with a population 
of about 1.5 million people. Of these dogs, 269,289, 
were enlisted in 2012 in the regional canine registries, 
and included sheepdogs, pets, hunting, and guard 
animals. Additionally, a non-quantifiable number of 
dogs arrives with their owners in Sardinia in tourist 
seasons. Despite a considerable autochthonous dog 
population and the extensive movements of animals, 
no information is available on the local prevalence of 
Giardia spp. in dogs. The only data on giardiosis in 
Sardinia is from an old study carried out in the 90s, 
which revealed the presence of the protozoan in 
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primary school children (15.5%) and in adult patients 
(52.2%) with gastro-enteric symptoms [21]. Thus, the 
aim of the present study was to investigate the 
potential epidemiological and zoonotic significance of 
G. duodenalis in dogs living in Sardinia Italy, by 
molecular characterization and analysis of associated 
risk factors.  
 
Methodology 
Sampling and copromicroscopic analysis 
Given that no previous data on Giardia spp. in 
dogs was available in the literature for Sardinia, the 
minimum sample size (n = 600) was calculated based 
on the population of dogs of 269,289 (inscribed to 
regional registries and electronically tagged), an 
estimated prevalence for Giardia of 50% with a 
maximum sampling error of 4%, and a confidence 
interval (CI) of 95%. 
From January 2007 to December 2010, individual 
fecal samples were collected from 655 dogs (356 
privately owned dogs and 299 kennelled dogs) by vet 
practitioners from all the seven provinces of Sardinia 
(39°13' 0'' N; 9°7'0'' E). The study population included 
286 female and 369 male dogs, ranging from 1 month 
to 16 years (mean = 37.00±40.62 months) of age. For 
each sample, when possible, a form with the following 
information was completed: sex, age, use of dog, stool 
consistency, and co-habitation with other dogs.  
However, the information on age, use, and co-
habitation of 78, 213, and 480 dogs, respectively, was 
not available, as it was not possible to determine the 
historical deworming treatment of dogs. 
When available, data on age (in months) were 
recorded based on information reported on the 
vaccination records of sampled dogs and/or by teeth 
examination. Fecal samples were taken directly from 
rectums (in accordance with animal welfare 
guidelines) or from the ground immediately after 
defecation and then classified for consistency as 
normal (well-formed feces), pasty (soft feces, not well 
formed) or diarrheic (liquid feces).  
Samples were stored at 4°C until examination, 
which was performed within 24 hours of collection. 
All samples were subjected to a copromicroscopic 
examination with a centrifugation flotation (2,000 rpm 
for 10 minutes) test using a zinc sulphate solution 
(ZnSO4, specific gravity 1,200) [22]. 
Positive samples were classified according to the 
number of cysts found in a single microscopic field: 
weakly positive (≤ 20 cysts), medium positive (> 20 
and < 50 cysts), or highly positive (> 50 cysts). Other 
parasitological findings were recorded. 
A statistical analysis was performed to correlate 
the copromicroscopic findings with the historic data of 
the dogs (Table 1) in order to evaluate risk factors 
associated with Giardia spp. infection using the Chi-
square test. The odds ratio (OR) values for each risk 
factor were evaluated using EPI INFO software, 
version 6.4, and differences were considered 
statistically significant when p < 0.05. 
 
Biomolecular characterization 
Forty-seven samples (17 from kennelled and 30 
from privately owned dogs) copromicroscopically 
positive for Giardia were selected according to 
geographical origin (i.e., from all the seven different 
provinces of Sardinia) and subjected to the technique 
previously described [23-25] to concentrate the 
protozoan cysts.  
An aliquot of 200 μL of suspension from each 
sample was subjected to genomic DNA extraction 
using the ZR Fecal DNA kit (Zymo Research, Orange, 
CA, USA). All samples were examined with two 
different PCR protocols specific for G. duodenalis 
assemblages. The detection of major genotypes was 
based on a PCR specific for the gene encoding for the 
Giardia small subunit ribosomal DNA (SSU-rRNA). 
Subsequently, samples genotyped as zoonotic 
assemblages were typed by a PCR specific to the gene 
encoding for the β-giardin protein. Briefly, a ~145 bp 
fragment of SSU-rRNA gene and ~511 bp fragment of 
the β-giardin gene were amplified by nested PCRs 
with slight modifications applied to the protocols 
previously described [23-25]. 
In the second step, PCR products for both PCR 
protocols were resolved by electrophoresis in a 1.8% 
agarose gel stained with Gel Red (Biotium, Hayward, 
CA, USA). Amplicons were then purified over 
minicolumns (Ultrafree-DA, Millipore, Milan, Italy) 
and sequenced using a Taq Dye Deoxy Terminator 
cycle sequencing kit in an ABIPRISM model 377 
sequencer (Perkin Elmer Applied Biosystems, 
Warrington, UK). Sequence accuracy was ensured by 
two-directional sequencing, and all electropherograms 
were manually checked and edited. Nucleotide 
sequences obtained were searched against the 
GenBank database of available Giardia spp. sequences 
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Table 1. Dogs examined (T) and positive (P) for Giardia spp. infection in Sardinia, Italy. Rates of positivity (R) are 
presented in relation to epidemiological variables. 
Variables T P R 95% Cl Statistical data OR 
Total 655 172 26.3 22.9-29.7   
Sex  
Male 369 83 22.5 18.3-26.7 p = 0.0128 
χ2 = 6.19 
1.00 
Female 286 89 31.1 25.8-36.4 1.53 
*Age in months (m) 
≤ 3 m 112 31 27.7 19.4-36.0 
p = 0.007 
χ2 for linear 
trend = 13.733 
1.00 
> 3 ≤ 6 m 72 34 47.2 35.7-58.7 2.34 
>6 ≤ 9 m 35 19 54.3 37.8-70.8 3.10 
> 9 ≤ 12 m 39 8 20.5 7.8-33.2 0.67 
>12 ≤ 24 m 72 21 29.2 18.7-39.7 1.08 
> 24 m 247 46 18.6 13.8-23.4 0.60 
Total 577 159     
*Use 
Kennel 299 107 35.8 30.4-41.2 
p = 0.0064 
χ2 with three degrees of 
freedom = 12.29 
1.00 
Hunting 23 7 30.4 11.6-49.2 0.78 
Guard 25 5 20.0 4.3-35.7 0.45 
Pets 95 17 17.9 10.2-25.6 0.39 
Total 442 136     
Stool consistency 
Normal 220 48 18.3 13.1-23.5 p = 0.0469 
χ2 with two degrees of 
freedom = 6.12 
1.00 
Pasty 315 83 26.3 21.4-31.2 1.28 
Diarrheic 120 41 34.2 25.7-42.7 1.86 
Total 655 172     
Co-habitat** 
Yes 102 27 26.5 18.0-35.0 p = 0.89 
χ2 = 0.02 
 
No 73 20 27.4 17.2-37.6  
*This information was not available for all the dogs.  
**This information was analysed only for privately owned dogs. 
 
Table 2. Parasites present in 61 dogs infected by Giardia spp. in Sardinia, Italy 
Parasites Dogs Prevalence (%) 
Ancylostomatidae 31 18 
Ascarids 28 16.3 
Trichuris vulpis 7 4.1 
Isospora spp. 6 3.5 
Taeniidae 1 0.6 
Dipylidium caninum 1 0.6 
Total 74  
 
Figure 1. Correlation between the degree of Giardia cyst shedding and stool consistency in 172 infected dogs from Sardinia, Italy 




Prevalence rates for Giardia spp. infection 
according to the epidemiological factors are reported 
in Table 1. 
Cysts of G. duodenalis were found in 26.3% of 
dogs examined (172/655). Of these animals, 22.5% 
were males (83/369) and 31.1% were females (89/286) 
(χ2 = 6.19; p = 0.0128) (OR = 0.64). Differences 
between prevalence rates in the six examined groups 
of age were statistically significant (χ2 for linear trend 
= 13.733; p < 0.0.0002) (Table 1). In particular, the 
highest infection rate was detected in dogs between six 
and nine months and between three and six months of 
age. 
The following prevalence rates were found 
according to the dogs’ habitat/use: 35.8% for 
kennelled dogs (107/299), 30.4% for hunting dogs 
(7/23), 20% for guard dogs (5/25), and 17.9% for pets 
(17/95) (χ2 with three degrees of freedom = 12.3; p = 
0.007). 
The highest value of positivity was found in 
diarrheic stool samples (34.2%; 41/120), followed by 
pasty (26.3%; 83/115) and normal samples (18.3%; 
48/220). In most (62.8%) of the positive cases 
(108/172), the degree of cyst elimination was low, 
while percentages of samples with medium and high 
degrees of cyst shedding were 13.4% (23/172) and 
23.8% (41/172). The degree of cyst shedding in feces 
of different consistency differed significantly in 
comparison with the values obtained for the samples 
having the same consistency (p <0.0001) (Figure 1). 
No significant differences (χ2 Yates corrected = 2.05; p 
= 0.15237) were found in positive pasty and diarrheic 
consistency samples with a high degree of cyst 
shedding. Positive pasty feces showed OR values 
double those of diarrheic samples (OR = 2.10). 
Other endoparasites were found in 35.5% (61/172) 
of samples positive for Giardia; the ones most 
frequently found were Ancylostomatidae (hookworms) 
and Ascarididae (roundworms) in  18% and 16.3% of 
positive animals (Table 2), respectively. The 
difference between prevalence rates in samples 
positive either for only Giardia spp. or for co-
infections was statistically significant (χ2 = 29.07; p < 
0.05). With regard to mixed infections, significant 
values were found only for the co-existence of G. 
duodenalis with roundworms and Trichuris vulpis. 
Specifically, the highest prevalence of G. duodenalis 
was found in dogs infected at the same time with 
roundworms (16.3% vs. 7.2%; χ2 = 11.90; p = 0.0005), 
while the lowest values were recorded in dogs 




Of the 47 samples genetically examined, 42 were 
PCR positive for Giardia spp. (84%), while 5 did not 
produce any amplicons. The sequence analysis of the 
SSU gene showed that 17, 23, and 2 samples were 
positive for assemblages C, D, and A, with 98%-100% 
homology with GenBank sequences AB569372.1, 
AB569371.1, and FJ668859.1, respectively. The 
genotyping of the β-giardin amplicons showed that the 
two assemblage A isolates had 100% homology with 




The results herein presented indicate that G. 
duodenalis infection in dogs is present and circulates 
in Sardinia. Indeed, the prevalence rate found in 
Sardinia is consistent with rates (19.3%-26.6%) 
recently found in similar surveys carried out in 
continental Italy [14,27,28] and with values (16.4%-
28.47%) recently reported from different European 
countries as well [4]. The similarity of the results 
found in Sardinia and continental Italy could be due to 
the same risk factors, which could nurture the 
dispersion of the infection in these two territories. 
The age of the animals was found to be positively 
correlated with the occurrence of G. duodenalis, thus 
corroborating the findings of previous studies, which 
demonstrated that dogs under six months of age are 
more susceptible [29] than adult dogs [30] to infection. 
The spread of Giardia spp. in kennels has been 
associated with the stressful situation in such 
environments, which can lead to the impairment of 
immunological responses in the intestine [29]. The 
same driver could also account for the high prevalence 
found in hunting dogs. 
The present data on the correlation between degree 
of cyst shedding and fecal consistency confirm that 
diarrhea could be an indicative sign of infection with 
G. duodenalis as also described in other surveys [30], 
although it has also been reported that diarrheic 
samples are present mainly in human giardiosis rather 
than in animal infections [9]. Interestingly, the present 
study showed that stools of pasty consistency may be 
twice as likely as diarrheic samples to have a higher 
number of cysts. The results of the present survey 
regarding the correlation between fecal consistency 
(diarrhea vs. pasty/normal feces) and cyst excretion are 
consistent with those reported in similar investigations 
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[9], and suggest that, in clinical practice, Giardia spp. 
should not be suspected or investigated only in 
animals with diarrhea. 
The higher prevalence of giardiosis in dogs 
infected with roundworms than in dogs with 
whipworm infections (positive for roundworms, mean 
= 19.01 months; positive for Trichuris, mean = 55.44 
months; Student’s t = 0.003877) is likely due to the 
age of the animals; young animals are more 
susceptible to Giardia and roundworms, while T. 
vulpis is more prevalent in adult dogs who, at the same 
time, are less susceptible to giardiosis. In fact, the 
average age of dogs positive for ascarids and T. vulpis 
was 1.6 and 4.6 years, respectively. The molecular 
results are consistent with those found in a previous 
study from Italy; specific dog-genotypes D and C were 
the most prevalent, though the zoonotic assemblage A 
subgenotype A2 was found as well [15].  
Indeed, the highest zoonotic potential is displayed 
by the subgenotype A1 [25] and, interestingly, a recent 
study reported the simultaneous presence of this 
subgenotype in both dogs and children living in the 
same Rom community [31]. Assemblage A1 was also 
detected with a high prevalence (15.9%) in dogs in 
Spain [32]. The presence of the zoonotic subgenotype 
A2 in the animals herein examined suggests that they 
may be considered potential reservoirs of infection for 
humans, especially considering that the dispersion of 
cysts is not constantly accompanied by clinical 
symptoms, thus impairing prompt diagnosis and 
treatment. On the other hand, few studies have 
evaluated of the actual zoonotic potential of G. 
duodenalis isolates from dogs [31,33-34], thus the role 
of these animals in the transmission of the infection to 
humans is a subject of debate [1]. 
 
Conclusion 
The present survey contributes to the knowledge of 
the occurrence of canine giardiosis in Italy, 
specifically in a region with a high number of dogs 
and numerous animal movements, due mainly to 
tourism. Statistical data on tourism income in Sardinia 
estimated more than 1.9 million arrivals in 2012 and 
highlighted also that since 2000, the number of foreign 
people coming to Sardinia for holidays dramatically 
increased from 24% to 42% [35]. Although dogs are 
checked at the entrance to the island with a control of 
their vaccination records (specifically rabies), these 
data are not recorded in an official registry.  
Dogs entering Sardinia with tourists may be at 
significant risk of infection, but, on the other hand, 
they can also be considered sources of infection for the 
local population.  
Further studies are warranted for definitive 
molecular and epidemiological evidence of the 
zoonotic transmission of canine giardiosis and about 
epidemiological patterns and drivers influencing the 
potential parasite dynamics between autochthonous 
dogs, local populations, and tourist dogs and people, 
both of which can contribute to the design and 
implementation of appropriate control programs.  
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